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(54) Ink and ink-receiver sheet for Ink-Jet recording containing colioidal inorganic particles 

(57) An ink jet ink/receiver set corrprising: 

a) an ink receiving layer containing a reactive cou- 
pling agent and deposited thereon 

b) an image fonned from an Inkjet ink containing a 
conpound with mineral surfaces; wherein the reac- 
tive coupling agent reacts with the mineral surfaces 
in the ink. 
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Descripti n 

HELD OF THE INVENTION 

5 [0001 ] This invention relates to an ink jet ink/irecerver set and to a process for aeating iniages by ink jet printing, in 
which the surfaces of inorganic particulates in the ink react with a coupling agent included within or on top of the ink 
receptive layer(s). 

BACKGROUND OF TOE INVENTION 

10 

[0002] Coupling agents are known to act as an adhesive between inorganic surfaces and polymers. For exairple, 
organofunctional silane coupling agents act as adhesion promoters between aganic polymers and mineral surfaces! 
Less well known but also effective coupling agents include chromium conplexes which are effective when used in com- 
bination with either silica or alumina surfaces. 

15 [0003] While such coupling agents are most frequently used as adhesion primer teyers between glass and polymeric 
films, they are also well known In coating technology. Typical paper and polymery web coatings often contain coirfcina- 
tions of polymers and inorganic particles such as silica. In order to ensure compatibility and adhesion between the pol- 
ymeric matrix and silica particle, silane coupling agents or silanol modified polymers are sometimes used. In US 
5.562,975 (New Oji Paper Co., Ltd), a hot meH ink recording she^ is disclosed in which the ink receptive layer com- 

20 prises a mixture of siland-modified polyvinyl akx)hol and amorphous silica. TTie W5 patent states: "The silanol oroi4)s 
of the modified polyvinyl alcohol chemically react with the pigment so as to enhance the mechanical strength of the ink- 
receiving fayer". For the porous, non-gtossy coatings described therein, there is a surfeit of silica partrcles such that it 
is safe to assume that by intentton and in practice virtually all the silanol groups on the polyvinyl alcohol are fully reacted 
in the dried coating and would no longer be available to react with conrponenls of the printing ink 

25 [0004] Similarty. in EP 0 759 365 (New Oji Paper Ca . Ltd), an inlqet recording material intended lor use as stickers Is 
disclosed. In this case, the silica particles are d^ined as either porous amorphous silica particles if a non^tossy film is 
desired, or coltoidal silica particles if a gtossier film is desired. Effective binder systems include either conventional pol- 
yvinyl alcohol or silicon-modified polyvinyl alcohol. Again, silanol groiflss on tiie polyvinyl ateohol react with silk;a sur- 
faces In the coating, and are not available to react with ink components. 

30 [0005] A somewhat different approach for use of silane coupling agents in ink receiving layers is descrbed in US 
5,352,736 (Minnesota Mining and Manufacturing Company). In this case, a semi-interpenetrating networic of a water 
soluble polymer and a non-vrater soluble polymer fornn the recorrfing fayer. The non-water soluble portion of the teyer 
contains crosslinked sifanol moieties which originate from added silane coipling agents. Once again, the reactive spe- 
cies are fully crosslinked in tiie dried film and so can not be available for reacting with ink species. 

35 [0006] While no record exists of reactive ink-receiver combinations using chemistries described herein, some reactive 
combinations have been disck>sed which are summarized below. 

[0007] In US 4.649,064 (Eastman Kodak Company), ink-receiver combinations are disclosed in which the ink contains 
a CToss-likaWe colorant/iresin composition and the receiver layer contains a cross-linking agent which renders the 
printed areas abrasion-resistant, smear-resistant and waterfast. In this case, the reactive substance in the ink is a pol- 

40 ymeric resin. While such an approach is somewhat effective, polymery resin additives typically have the unfortunate 
characteristic of clogging ink nozzles which is not observed for inorganic collokfal additives to inks. 
[0008] A similar approach is disclosed in US 5,537,137 and EP 0 775 596 (both to E.I.DuPont de Nemours and Com- 
pany) in which a reactive component is contained in the ink receiving layer TTie reactive species is capable of crosslink- 
ing ttie coating itself as well as binding the colorant to the coating. The reactive species must be chosen so ttiat it does 

45 not react until it is exposed to an external energy source such as heat or racfiation after printing. Such an approach has 
distinct disadvantages due to the inconvenience of a required post-printing treatment 

[0009] Inks containing inorganic particles have been disclosed for Inkjet printing applications. In US 5,221 .332 (Xerox 
Corporation), dye based inks containing silica particles are disclosed. The silica particles in the 332 patent are intended 
to enable inaeased drop volumes while printing.. Combination of these inks with a specially designed receiver is not 
so taught 

[0010] Copending, commonly owned, concun-entiy filed US Application, US Serial No 09/126,866 of Martin and 
Bugner, titled "PIGMENTED INKJET INKS CONTAINING ALUMINUM STABILIZED COLLOIDAL SlUCA-descnljes ink 
additives comprising preferably aluminium stabilized coltoidal silica in order to improve optical density and dry abrasion 
resistance. 

55 [0011] There is, however, still a need for other mechanisms to further enhance water resistance and durability of 
images printed with inks containing inorganic particles. 
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SUMMARY OF THE INVENTION 

[001 2] The present invention discloses a reactive ink-receiver combination giving excellent durat)ility and water resist- 
ance. The ink contains a mineral surface, preferably by the presence of an Inorganic particulate oxide, and most pref- 
5 erably by the inclusion of colloidal silica. The ink receptive layer contains a coupling agent preferably an organo- 
functional coupling agent capable of reacting with the mineral surfaces. 
[001 3] In one aspect of the invention, there is provided an ink jet ink/receiver set comprising: 

a) an ink receiving layer containing a reactive coupling agent and deposited thereon 
10 b) an image formed from an ink ink containing a compound with mineral surfaces; wherein the reactive coL4>ling 
agerrt reacts with the mineral surfaces in the ink. 

[0014] In another aspect of the invention there is disclosed a m^hod of preparing ink jet ink images, corrprising the 
steps of: 

15 

a) providng an Inkjet ink containing a carrier, a pigment, and a compound with mineral surfaces; 

b) providing an ink receiving layer on a support, said ink receiving layer containing a reactive coupling agent; and 

c) imag&iwise depositing the ink on the ink receiving layer. 

Yet another aspect of the invention discloses a method of making an Inkjet ink/receiving layer set. comprising 
20 the steps of: a) providing an ink jet ink containing a carrier, a pigment, and a compound with mineral surfaces; b) 
providing a coating formulation containing a reactive coupling agent; c) applying the coating formulation to a sup- 
port; 

d) allowing the coating to dry; and e) image-wise depositing the ink on the ink receiving layer. 

25 DESCRIPTION OF THE INVENTION 

[001 5] The present invention is designed to enhance the water resistance and abrasion resistance of images printed 
using inks containing colloidal inorganic particles. .Coupling groups may be introduced into the ink receptive layer by 
direct addition of coupling agents to the material(s) comprising at least the topmost surface of the ink receptive layer, or 
30 by functionalizing the ink receptive materials with coupling groups. Silica particles may be added to inks in the form of 
colloidal silica or other particulate silica, provided ttiat the silica particles do not interfere with the jettability of the inks 
or the quality of the printed innage. 

[001 6] The resin contained in the coating can be pre-reacted to form siland-functional sites. ExampI es of silanol-func- 
tionalized polymers include, but are not limited to. Kuraray R-Pdymers. which are silanol rrvxiified polyvinyl akx>hol 
35 (Kuraray Co., Ltd); silanol-modified gelatin (Crodasone C™, available form Croda Colloids Ltd.); or silanol-modified 
wheat protein (Crodasone W™, also available from Croda Colloids Ltd.) 

[0017] The reactivity of the system depends on the inclusion of a coupling agent, preferat)ly an organofunctional 
silane coupling agent. Organofunctional silane coupling agents are designed to react with txsth an organic resin through 
the organofunctional group and with a mineral surface through hydrolyzable gDups. Various hydrdyzable ^oups can 

40 be selected to yield molecules such as alkoxysilanes, cNorosilanes, acetaxysilanes, or trialkoxysilanes. Preferred 
hydrolyzable groups are lower (1 -5 C atoms) trialkoxysilanes due to their fast reactivity, since any reaction with ink com- 
ponents must proceed while water is still available t>dore the ink is conpletely dry. Common organofunctional groups 
include halogens; cartx)n-cartx)n double bonds, amines, epoxies, mercaptans. cartx)xylic acids or alcohols. A detailed 
description of the preparation and use of such materials is given in "Silane Coupling Agents, 2d Ed" by Edwin R Plued- 

45 demann (Plenum Press, 1982). pages 31-53. Representative commercial coupling agents include vinyltrimethoxysi- 
lane. chloropropyltrimethoxysilane. 3-glycidoxypropyttimethaxysitane. 3-me^acryk>xypropyltrimethoxysilane, 3- 
aminopropyttriethoxysilane. N-2-aminoethyl-3-aminopropyltrimethoxysilane, 3-mercaptopropyltrimethoxysilane, 3-(N- 
styrylmethyl-2-aminoethylamino)propyltrimethoxysilane hydrochloride, and b-(3,4-epaxycyclohexyl)ethyltrimethoxysi- 
lane. In this case, preferred silane coupling agents include aminopropyl trimethoxysilane or glycidyloxypropyl trimeth- 

50 oxysilane for ease of handling and reactivity. The coupling agent may be added directly to the coating formulation for 
the ink receiving layer, or coated in a dilute layer over the coating formulation. 

[001 8] If an ink receptive material contains more than one layer, tiie coupling agent or silanol-corrtaining material may 
reside only in the top (ck>sest to tiie free surface) layer. It is important that the coupling agent is positioned at the free 
surface so that it will be in direct contact with ink corrponents during printing, so that the desired effect will take place. 
55 The amount of coipling agent in the receiver should be sufficient for reaction with themineral surfaces in the ink to take 
place. 

[0019] Ink receptive materials for inlqet printing or other liquid marking processes typically enrploy layers corrprising 
materials which are particularly receptive to the solverrt or carrier making up the ink. For exarrple. when inks ar based 
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primarily on water as they are for most commercially available desk top inlqet printers, such a layer coiHd t>e comprised 
of a hydrophillc material such that its capacity for swelling in the Ink solvent allows the printed areas to become appar- 
ently dry quickly and also prevents flooding of the ink on the surface. Alternatively, such a layer could be comprised pri- 
marily of particulate materials such that the coated layer is highly porous and is therefore able to cany the ink away from 
5 the printed surface quickly. This also gives the inpression of tast drying and limits any flooding of the surface in areas 
of high ink laydown. 

[0020] While porous non-glossy ink receiving layers couW effectively be used for this invention, glossy receivers are 
prefenred for high quality imaging applications. 

[0021 1 The use of film-forming hydrophilic colloids as binders for such glossy ink receiving elements is well known. 

10 Exanples of hydrophilic materials which fomi excellent ink-receptive layers for aqueous inks include but are not limited 
to polyvinyl alcohols and their derivatives, poIy(vinyl pyrrolidone), sulfonated or phosphaled polyesters, cellulose ethers 
and their derivatives. poly(2-ethyl-2-oxazoline). gelatin, casein, zein, albumin, chrtin, chitosan, dextran, pectin, collagen 
derivatives, collodian, agar-agar, anrowroot guar, carrageenan. tragacanth. xanthan, rhamsan, sulfonated polysty- 
renes, potyacrylamides and their derivatives, pdyalkylene addes, hydrophilic acrylates and their copdynriers. and the 

IS lika A coirbination of such materials may be used and in fact may be pr^erred in order to obtain phase separation or 
some other effect associated with less gk)ssy images. 

[0022] The hydrophilic film fomning binder may also include a crosslinker. Crosslinkers such as cartxxiiimkJes. poly- 
functional azirldines. melamine formaldehydes, isocyanates, epoxides, polyvalent metal cations, and the like may all be 
considered. 

20 [0023] Inks useful for ink jet recording processes generally comprise at least a mixture of a solverrt and a colorant. 
The preferred solvent is de-ionized water, and the cokxant is either a pigment or a dye. Pigments are often preferred 
over dyes because tfiey generally offer improved waterfastness and lightfastness on plain paper. 
[0024] Pigmented inks are most commonly prepared in two steps: 

25 1 . a pigrrrent milling step in which the as-received pigment is deaggregated into its primary particle size, and 

2. a dilution step in which the pigment mill grind is converted into a useatsle ink. 



30 Processes for preparing pigmented inlqet inks involve blencfing the pigment, an additive known as a stabilizer or disper- 
sant a liquid carrier medium, ginding media, and other optior^ addervla such as surfactants and defoamers. This pig- 
ment slurry is then milled using any of a variety of hardware such as ball mills, nredia mills, high speed dispersers. and 
roll millSw 

[0025] In the practice of the present invention, any of the known pigments can be used. The exact choice of pigment 

35 will depend upon the specific cckx reproduction and image stability requirenrYents of the printer and applicatk}n. For a 
list of pigments useful in Inkjet inks, see US Patent 5,085,698, column 7. line 10 through column 8, line 48. 
[0026] The lk|uid carrier medium can also vary widely and again will depend on the nature of the ink jet printer for 
which the inks are intended. For printers which use aqueous inks, water, or a mixture of water with miscible organic co- 
solvents, is the preferred canier medium. 

40 [0027] The dispersant is another irrportant ingredient in the mill grind. Although there are many know dispersants 
known in the art, the besX cBspersant will t>e a functk>n of the canier mecfium and also often varies from pigment to pig- 
ment. Preferred dispersants for aqueous ink jet inks include sodium dodecyl sulfate, acrylk; and styrene-acrylic copol- 
ymers, such as those disctosed in U.S. Patents 5,085,698 and 5, 1 72, 133, and suHbnated polyesters and slyrencs, such 
as those disclosed in U.S. Patent 4,597,794. Our most preferred dspersant is oleoyi noethyl taurine (OMT) sodium salt, 

45 obtained from Synthetic Chemical Div of Eastman Kodak Co. 

[0028] In the dilution step, other ingredients are also commonly added to pigmented ink jet inks. Cosolvents (0-20 
wt%) are added to help prevent the ink from drying out or crusting in the orifices of the printhead or to help the ink pen- 
etrate the receiving substrate, especially when the substrate is a highly sized paper. Preferred cosolvents for the inks 
of the present inventkxi are glycerol, etfiylene glycol, and dethylene glycol, and mixtures thereof, at overall concentra- 

50 tions ranging from 5 to 15 wt%. 

[0029] Improved image quality, higher optical density and improved nib resistance is obtained when aluminunvstabi- 
lized colloidal silk^a. such as Ludox AM"^ (DuPont). Prefen^ed concentrations range form 0.50 to 15.0% by weight. 
[0030] A biocide (0.01 -1 .0 wt%) may be added to prevent unwanted microbial growth which may ocar in the ink over 
tinoe. A preferred biocide for the inks of the present invention is Proxel GXL™ (obtained from Zeneca Colours) at a final 

55 concentFatx>n of 0.05-0.5 wt%. 

[0031 ] Adcfitional additives which may optk)nally be present in ink jet inks include conductivity enhancing agents, anti- 
kogation agents, drying agents, and defoamers. 
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Examples 
[0032] 

5 





Mill Grind 












Polymeric beads, mean diameter of SO^im (milling media) 


325.0 g 




Black Pearls 880 (Cabot Chemical Company) (pigment black 7) 


30.0 g 




Oleoyt methyl taurine, (OMT) sodium salt 


10.5 g 




Deionized water 


209.5 g 




Proxel GLX™ (biockle from Zeneca) 


0.2 g 



[0033] The above components were milled using a high energy media mill manufactured by Morehouse-Cowles 
20 Hochmeyer. The mill was run for 8 hours at room temperature. The particle size distribution was determined using a 
Leeds and Northmp Ultra Particle Size Analyzer (UPA). The D50 (50% of the particles were smaller than this value) of 
the millgrind was 0.080 um. Millgprinds were prepared in a simitar manner substituting Hansa Brilliant Yellow (Hoecsht, 
pigment yellow 74). Sunfast Magenta 122 (Sun Chemical, pigment red 122) and Bis(phthalocyanylalumino)tetra-phe- 
nyldisiloxane (cyan pigment) manufactured by Eastman Kodak in the millgrind formulation. The D50 for the pigment yel- 
25 low 74 millgrind was 0.010 xsrx, the pigment red 122 millgrind was 0.010 um and the cyan pigment millgrind was 0.01 1 
um. 

Ink: 

30 [0034] An aliquot of each of the pigment millgrinds desaibed above to yiekl 2.0 g (black), 2.25 g (yellow or cyan), or 
3.25 g (magenta) pigment was mixed with : 5.0 grams diethylene glycol, 5.0 grams glycerol, colloidal silica dispersion 
(Ludox AM™. DuPont) to yield 4.0 grams sifica. and balance dekxiized water to yield 100 grams of ink cok>r. 

lok receiving igyers; 

35 

[0035] Solutions of water soluble hydrophilic polymers (5%-10% by weight) were prepared in de-ionized water. If 
required, silane coupling agents and a nonkxiic surfactant (10G, Dixie Chemk^al) were added. The solution was coated 
by conventional bead coating, either in single layer or slide-coating format, on polyethylene coated photot>ase paper 
which was treated by corona discharge in order to enhance adhesion. 
40 [0036] The coatings were thoroughly dried to a web exit terrperature of approximately 35*»C. In the folkwing exam- 
ples, "Layer 1" refers to the coating compo5itk>n which lies directly on top of the paper, while "Layer 2", if used, refers 
to an overcoat material nearest the free surface. 

[0037] The coatings were tested by loading the silica containing pigmented inks into an Epson 400 printer and gen- 
erating a test target of 1 00% density cyan, magenta, yellcw and black patches, as well as mixed color patches (200% 
45 coverage) of red, green and blue. The water resistance was evaluated by measuring the optical density of each primary 
color patch, immersing the printed target in roonv-temperature deionized water for five minutes with light agitatkm, and 
remeasuring the optical density of each patch after completely drying. The waterfastness is recorded as (the ratio of 
optical density after immersion:optical density before immersion) x 100%. 

50 
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Comparative Examples 1a-6a 
[0038] 
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Comparative Exam- 
ple 


Layer 1 Composi- 
tion 


Layer 1 Coverage, 
g/m*2 


Layer 2 Composi- 
tion 


Layer 2 Coverage, 
g/m*2 












1a 


Gelatin 


7.5 


Gelatin 


1.1 


2a 






PVA 




3a 






PVP 




4a 






HEC 




5a 


•f 




Gelatin, pH 3.5 




6a 


PVA 


8.6 






Gelatin: Type IV non-deionized gelatin, (Eastman Gelatine Co.) 
PVA: Polyvinyl alcohol, Elvanol 71^0, (DuPont) 
PVP: Poly(vinyl pyrrolidone) K-90, (ISP) 

HEC: Hydroxyethyl cellulose Cellosize™ QP-40. (Union Carbide Corporation) 

Gelatin pH 3.5: Type IV non-deionized gelatin (Eastrnan Gelatin Ca), adjusted to pH 3.5 by HQ addition 



W^rfastness f% retained): 
[0039] 



Comparative Example 


Cyan 


IMagenta 


Yeliow 


Biack 












la 


61.1 


50.0 


88.7 


98.3 


2a 


32.4 


52.1 


71.1 


84.5 


3a 


7.8 


36.9 


87.1 


90.9 


4a 


7.9 


5.5 


2.6 


4.4 


5a 


83.1 


79.5 


96.6 


99.5 


6a 


28.2 


83.1 


19.8 


39.6 
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Examples 1-12 
[0040] 



Example 


Layer 1 Composi- 
tion 


Layer 1 Coverage, 
g/m^2 


Layer 2 Composi- 
tion 


Layer 2 Coverage, 


1 


Gelatin 


7.5 


Gelatin/APTMS 
90/10 


1.1 


2 






GelatinA3PTMS, 
90/10 




3 






Gelatin/VTWIS. 90/10 


*• 


4 






p\/A/APTM<> on/in 




5 





; 


px/A/fiPTMQ on/in 




6 






PVA/VTMS, 90/10 


?t 


7 






Silanol PVA 




8 






PVP/GPTMS. 90/10 


n 


9 


tl 




HEC/GPTMS. 90/10 




10 




n 


Gelatin/APTMS. 
90/10pH3.5 * 


tt 


11 


1* 


n 


GelatinASPTMS 
90/10; pH 3.5 * 




12 


Silanol PVA 


8.6 






APTMS: 3-Aminopropyttrimethoxysilane (Aldrich Chemical Company) 
GPTMS: S^^ylcxJoxypropyttrimethaxysilane (Aldrich Chemical Company) 
VTMS: Vinyltrimethoxysilane (Aldrich Chemical Company) 
Silanol PVA: Silanol modified polyvinyl alcohol, Kuraray R-1 130 (Kuraray Lid) 



* pH Of Gelalin/Silane combinations were adjusted to 3.5 using HQ with both gelatin and silane ooipBng agent pBsent. 



waterfastness (% retained): 
[0041] 



Examole 


Cyan 


Magenta 


Yellow 




Compare with exam- 
ple.— 














1 


90.0 


95.9 


94.0 


94.4 


la 


2 


109.3 


87.8 


91.2 


93.7 


» 


3 


57.1 


69.9 


91.6 


98.3 


ft 


4 


90.8 


88.0 


98.0 


89.8 


2a 


5 


50.0 


59.4 


87.6 


96.6 


tf 


6 


70.2 


56.7 


89.8 


88.1 




7 


68.9 


62.1 


76.5 


86.9 


n 
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(continued) 



Example 


Cyan 


Maq nta 


Yellow 


Black 


ComDarewith xam- 










ple.... 


8 


61.5 


100.0 


98.6 


99.5 


3a 


9 


38.4 


34.4 


93.5 


70.6 


4a 


10 


103.8 


100.6 


96.1 


97.9 


5a 


11 


103.7 


85.7 


95.0 


95.4 




12 


75.7 


88.0 


64.5 


93.2 


6a 



[0042] These exanvles demonstrate that addition of a coipling agent or functionality impro«^es the waterfastness of 
r"!f . acid-t)ase interactions play some role in waterfastness. exanples 10 and 1 1 sho* that the silane 
^T^^-^""^. "^"^^^^ Preferred coupling agent depends on lx>th polymer binder 

choice and ink color. Rnally. it is dear that the coipling agent does not necessarily need to fbrni a bond wHh the ink- 
recennng polymer in order to be effective. This is illustrated by Exanple 8. Poly(vinyl pyrrolidone) possesses no func- 
twnal groips which are expected to interact with the epoxy group on GPTMS, yet additnn of the coipling agent shows 
marked improvement in water resistance. ■» » » 

Claims 

1 . An ink jet ink/l-eceiver set comprising: 

a) an ink receiving layer containing a reactive coupling agent and deposited thereon 

b) an image fbmied from an Inkjet ink containing a compound with mineral surfeces; 
wherein the reactive coipling agent reacts with the mineral surfaces In the ink. 

2. The Inkjet InWreceiver set of claim 1 wherein the coupling agent comprises organo-silane functional groups. 

^ ir!j2ll'^ inWrecehrerset of daim 2 wherein the coupling agent is selected from aminopropyl trimethoxysilane and 
glyodyloxyprowl tnmethoxysilane. 

4. The Inkjet inWreceiver set of daim 1 wherein the mineral surfaces are provkled by an inorganic particulate oxide. 

5. The ink jet ink/receiver set of daim 4 wherein the mineral surfaces are provided tiy aluminum stabilized cdtoidai 
Silica. 

6. The ink jet inkfreceiver set of daim 1 wherein the mineral surfaces are provided by cdlokial silica and the coupling 
agent IS 3-aminoprGpyttrimelhQxysilana 

7. The Inkjet ink/receiver set of daim 1 wherein the Ink receiver conprises more than one layer. 

8. An ink jet inkAeceiver set comprfeing: 

a support; 

on tfie support, an Inkjet ink receiving layer containing a reactive coupling agent- and 
deposited on the ink receiving layer, an image formed by a pigmented ink jet ink conprising a carrier a pig- 
ment, and a compound with mineral surfaces; ' 
wherein the coupling agent in tfie receiving layer reacts with the mineral surfaces on the conpound in the ink. 

9. A method of preparing ink jet ink images, comprising the steps of: 

a) providing an Inkjet ink containing a can-ier. a pigment, and a compound with mineral surfaces* 
yprovkling an ink receiving teyer on a support said ink receiving layer containing a reactive coljpling agent; 

c) image-wise depositing the ink on the ink receiving layer. 
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10, A method of making an ink jet ink/recerving layer set comprising the steps of: 

a) providing an Ink jrt ink containing a earner, a pigment, and a compound with mineral surfaces; 

b) providing a coating formulation containing a reactive coupling agent; 

c) applying the coating formulation to a support; 

d) allcwing the coating to dry; and 

e) imagewise depositing the ink on the ink receiving layer. 



